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Abstract 
A Miniaturized Ceramic Differential Scanning Calorimeter with integrated oven and crucible (MC-DSC) is presented. Despite its 
small size of only 11 mm u 39 mm u 1.5 mm, all functions of a conventional DSC apparatus are integrated in this novel device - 
including the oven. The MC-DSC is fully manufactured in thick-film and Low Temperature Co-Fired Ceramics (LTCC) 
technology. Therefore, production costs are low. Initial results using Indium as a sample material show a good dynamic 
performance of the MC-DSC. Full width at half maximum of the melting peak is 2.5 K (sample mass: 10.993 mg, heating rate: 
50 K/min). Reproducibility of the Indium melting point is within ±0.1 K. The melting peak area increases linearly up to sample 
masses of at least 26 mg. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
Differential Scanning Calorimetry (DSC) is a wide-spread method to determine phase changes like melting 
points, boiling points, or glass transition points and to measure the corresponding enthalpies for materials. 
Additionally, this method is also applicable to obtain data of the specific heat. Design, functional principle of DSC 
devices, and basic evaluation techniques of the measured raw data are comprehensively described in [1] 
Commercially available DSC apparatuses are very expensive and are therefore not qualified for thermal analysis 
of materials which are able to release aggressive gas phases at elevated temperatures. Such materials would 
contaminate or even destroy the DSC oven and/or its temperature sensors by altering their characteristics. Costly 
repair would be the consequence. In such cases, the presented novel Miniaturized Ceramic Differential Scanning 
Calorimeter (MC-DSC) is an appropriate solution. This structure comprises all elements of a DSC device - including 
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the oven - in one ceramic monolithic device. In the following sections, the design of MC-DSCs, their functional 
principles and initial results are presented. 
2. Design and manufacturing of the Miniaturized Ceramic DSC 
The operation principle of MC-DSCs is based upon that of a Heat-Flux DSC. In Fig. 1, the principle setup of a 
Heat-Flux DSC is compared to the cross section of the probe head of our novel MC-DSC. 
Fig. 1. (a) Setup of a Heat-Flux Differential Scanning Calorimeter; (b) Cross section of the probe  head of the MC-DSC chip. The reference is a 
part of it enclosed by the reference temperature sensor and the lower edge of the probe head 
In the Heat-Flux DSC, the sample and the reference crucibles are placed on a sample holder with integrated 
temperature sensors for temperature measurement of the crucibles. This arrangement is located in a temperature-
controlled oven. Contrary to this classic design, the distinctive attribute of MC-DSC is the vertical configuration of 
planar temperature sensors surrounding a planar heater. 
   
Fig. 2. (a) 3D-drawing of the MC-DSC chip; (b) Size comparison of an MC-DSC chip with a 1 €ct coin 
This arrangement allows a very compact, lightweight and low heat capacitance structure with the full 
functionality of a DSC oven. A 3D-drawing of the MC-DSC chip is illustrated in Fig. 2 (a). A heat sink provides 
cooling of the connector plug to protect the plastic receptacle from overheating. The dimensions of the structure are 
only 11 mm u 39 mm u 1.5 mm. The diameter of the cavity for the crucible is 6.5 mm. It allows either to employ 
most commercially available types of Aluminum crucibles or it can serve as a crucible itself. The chip body is made 
of several layers of zero-shrinkage LTCC tape HeraLock® HL 800, which was structured by a frequency-tripled 
Nd:YAG laser [2]. The planar temperature sensors and the heater are made of screen printed platinum thick films. 
For the conductors and the contact pads, gold thick films are used. The laminated tapes were sintered at a peak 
temperature of 880 °C. Further detailed information on LTCC technology can be found in [3]. A realized MC-DSC 
is depicted in Fig. 2 (b). The weight of the MC-DSC is 1.3 g, while the weight of the probe head is only 400 mg. 
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3. Characterization of the Miniaturized Ceramic DSC 
The thermodynamic properties of MC-DSC chips were determined using small amounts of Indium, a standard 
material for calibration of DSC apparatuses [4]. As a first step, the temperature differences between the sample and 
reference temperature sensors were evaluated during heating up the samples above the melting point of Indium. 
3.1. Measurement setup 
During a thermal analysis, MC-DSC is placed in an enclosure to avoid influence of forced convection on the 
measurements. Indium samples were analyzed in standard 40 ȝl-Aluminum crucibles, as shown in Fig. 3 (a). In this 
initial version of the MC-DSC, which is still under development, a thermal analysis was performed as follows (for 
the wiring see also Fig. 3 (b)):  
x Heating of the probe head by impressing a constant current into the heater structure. 
x Measuring the sensor resistances Rsens,sample and Rsens,ref using the four-wire technique. 
x Calculating the sample and reference sensor temperatures Tsens,sample and Tsens,ref by utilizing the known 
temperature function of resistance 
x Determining the temperature difference 'T = Tsens,ref í Tsens,sample and plotting it against Tsens,sample or t
Fig. 3. (a) MC-DSC in the measurement setup; (b) Wiring setup of the MC-DSC for our initial experiments 
3.2. Reproducibility of the melting point 
In Fig. 4 (a) raw data of a differential temperature analysis of an Indium sample in an MC-DSC is depicted. A 
peak around 156 °C indicates melting of the sample. During the melting process, an average heating rate of 
50 K/min occurred. Reproducibility of the experiments in the MC-DSC was investigated with ten measurements of 
the same Indium sample (m = 10.993 mg). Melting point was determined according to a standard evaluation 
technique described in [1]. Its absolute variation was found to be 'Tm = (Tm,maxíTm,min)/2 = ±0.1 K (see Fig. 4 (b)). 
This is very low, especially if one considers our simple measurement setup where no temperature-controlled 
environment was used. Full width at half maximum (FWHM) is 2.5 K, indicating a good dynamic performance of 
the novel MC-DSC regarding the temperature resolution of adjacent melting points. 
3.3. Linearity of MC-DSC regarding the sample mass 
It is an essential attribute for a DSC system to measure phase transition enthalpies independently on the sample 
mass. Since our first measurement results base on the evaluation of the temperature difference instead of heat flow, 
we define according to [1] the melting peak area Apeak as proportional to the enthalpy of fusion ǻH
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where tinset and tendset are the lower and the upper limits of the reaction time interval, respectively. A straight line 
below the peak serves as the baseline. 
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Fig. 4. (a) Thermal analysis of Indium in the MC-DSC chip; (b) Reproducibility of the MC-DSC (Indium with msample = 10.993 mg) 
Fig. 5 shows the melting peak area of Indium plotted against the sample mass. The linearity is evident in the range 
from 1.3 mg to 26 mg. Thus, utilizing the novel MC-DSC device, one can determine the enthalpy of fusion 
independently on the sample mass in a very broad range. Furthermore, it shows a good caloric sensitivity as it is able 
to measure sufficiently accurate enthalpy of fusion of Indium samples with a mass as low as 1.3 mg. 
Fig. 5. Peak area in dependence on the Indium sample mass. Inset shows an exemplary peak for an Indium sample with msample = 10.993 mg 
4. Summary 
A Miniaturized Ceramic DSC chip of the size of only 11mm x 39mm x 1.5mm with integrated oven and crucible 
was presented and its functionality was proved. First results using Indium samples show a high reproducibility of the 
melting peak within ±0.1 K. A good resolution regarding adjacent melting points can be expected, as FWHM is only 
2.5 K. The enthalpy is linear with respect to the sample mass up to 26 mg. Also, a high caloric sensitivity can be 
reported as the enthalpy of fusion for a sample mass of 1.3 mg can be reliably determined.  
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